Following its introduction in the seminal study of Osborne (1959) , a voluminous literature has emerged examining the returns-volume relationship for nancial assets. The present paper revisits this relationship in an examination of the FTSE100 which extends the existing literature in two ways. First, alternative daily measures of the FTSE100 index are used to create di ering returns and absolute returns series to employ in an examination of returns-volume causality. Second, rolling regression analysis is utilised to explore potential time variation in the returns-volume relationship. The ndings obtained depict a hitherto unconsidered complexity in this relationship with the type of returns series considered and nancial crisis found to be signi cant underlying factors. The implications of the newly derived results for both the understanding of the nature of the returnsvolume relationship and the development of theories in connection to it are discussed.
Introduction
Following the seminal research of Osborne (1959) voluminous and ongoing literature has emerged exploring the relationship between the returns and level of trading activity (volume) associated with nancial assets. An early indication of the impact of this seminal research is provided by the survey article of Karpo (1987) which reviews an extensive body of empirical and theoretical research including the studies of, inter alia, Granger and Morgenstern (1963) , Clark (1973) , Epps and Epps (1976) , Tauchen and Pitts (1983) . Research into the returns-volume relationship has continued at pace in the decades following the survey of Karpo (1987) In the present paper, the returns-volume relationship is revisited. Using robust causality analysis, this relationship is considered for the FTSE100. In addition to considering the standard measure of returns (i.e. the logarithmic rst di erence of the FTSE100 index), the analysis considers also absolute returns, with potential causality in the returns-volume relationship examined using both of these measures. Such an extension to consider both returns and absolute returns is not uncommon in the literature with numerous studies considering either one or other of these measures of returns. 1 However, in a departure from previous analyses, the present study extends the literature by employing alternative measures of returns (and absolute returns) via the use of daily opening, high, low and closing values of the FTSE100 index. Despite research typically employing a single (closing) measure of returns, recent studies outside of the returns-volume literature have considered the variation, informational content and properties of these alternative opening, high, low and closing indices (see, inter alia, Rogers and Zhou 2008; Zhou et al. 2016) . A second new development in the current analysis involves consideration of potential time variation in the returns-volume relationship using rolling regression analysis. Examination of time variation has clear relevance for the present research as the sample considered includes the recent nancial crisis which might be expected to impact upon the returns-volume relationship and hence led to di ering ndings for periods before, after and during the crisis. In recognition of this issue, results for the single full sample are supplemented by production of analogous results for 3379 rolling sub-samples.
The ndings obtained from a combination of the use of alternative measure of returns and rolling regressions lead to the detection of a degree of complexity in the returns-volume relationship that would remain undetected otherwise. Interestingly, it is shown that the form of relationship detected varies in terms of both its signi cance and direction (i.e. whether it runs from volume to returns, returns to volume or both) according to the measure of returns and time period considered.
Data
The data examined are daily observations on the FTSE100 over the period January 1991 to July 2016. Daily opening, high, low and closing values of the FTSE100 are considered to construct four returns series given as the di erence of the natural logarithms of the respective indices. These logarithmic returns and the logarithmic values of trading volume are denoted as r O; r H; r L; r C and v respectively. Before undertaking the analysis of potential causality between returns and volume, the orders of integration of the series are examined using the generalised least squares Dickey-Fuller ( ) and point optimal (P T ) unit root tests of Elliott et al. (1996) . 2 On the basis of the results presented in Table One for these tests, it is concluded that all series are stationary. Consequently, the series can be included in the following causality analysis without further modi cation.
[ TABLE ONE ABOUT HERE ] 3 Causality results
Full sample analysis
To explore potential causality in the returns-volume relationship, Granger (1969) causality tests are employed. As stated above, in addition to considering the four returns indices fr O; r H; r L; r C g ; their absolute values fjr O j ; jr H j ; jr L j ; jr C jg are utilised also. To overcome possible problems resulting from serial correlation and heteroskedasticity, the Newey-West (1987) corrected covariance matrix estimator is employed when estimating the following testing equations for causality:
where r t is given as the eight returns series fr O; r H; r L; r C; jr O j ; jr H j ; jr L j ; jr C jg in turn, with the nulls of no causality H 0 : r t 9 v t and H 0 : v t 9 r t examined via H 0 : i = 0 and H 0 : i = 0 8i
respectively. Following Ng and Perron (2001) and Hayashi (2000) , the degree of augmentation of the testing equations (value of p) is determined via optimisation of the Modi ed Akaike Information
Criterion (MAIC) with the maximum value of p (denoted as p max ) considered given as:
The results obtained from application of the above causality tests to the full sample (Jan 1999 to July 2016) are provided in Table Two . Considering the return-volume relationship, it is apparent that signi cant bidirectional causality is detected when returns are calculated on the basis of daily opening, high and low values of FTSE100 index. 3 The results for returns based upon daily closing 3 Reference to signi cance is based upon consideration of the 5% level of signi cance (i.e. p-value < 0:05 The ndings presented in Table Two provide a mixed and complex picture of causality in the returns-volume relationship that would be masked by consideration of a single measure of returns.
However, this extension to consider alternative measures of returns does not allow examination of possible time variation in the returns-volume relationship. In recognition of this, the temporal properties of, or time variation in, the causal relationship between returns and volume are examined in the following section.
Rolling regression results
The above full sample results present evidence of a variation in the causal link between returns and volume which is dependent upon the manner in which the former is measured. Considering the distinction between`standard' and absolute returns, the former rather than the latter clearly [ FIGURES ONE TO EIGHT ABOUT HERE ]
Summary of ndings
The above analysis has generated a vast number of results and as a consequence their collation is far from straightforward. However, what is apparent is that the returns-volume relationship is not, as some studies might suggest, a single entity to be assessed and classi ed. Rather, the relationship varies across the alternative measures of return that are available in addition to varying through time. The results obtained show the returns-volume relationship is strongest for returns based upon the daily high values of the FTSE100 with the bidirectional results observed indicating volume in uences high values and vice versa. Interestingly, the volume to returns causality detected for returns using daily high values of the index was found to be robust through time while causality in the other direction was not so apparent in the early sub-samples. That a daily extreme (i.e.
high value) of the index possesses a greater link with volume than typically considered closing values has intuitive appeal as it might be expected to both prompt, and respond to, changes in trading activity (volume). In contrast to this bidirectional causality, rolling regression analysis has produced ndings for low returns which primarily depict unidirectional causality from returns to volume. In combination, these results suggest an asymmetry in the FTSE100 where low values of the index induce trading activity, but not vice versa, whereas high values are both in uenced by an in uence trading activity. With regard to volatility, as measured by absolute returns, consistent evidence of causality from volume to opening returns is present indicating that prior changes in volume in uence later variation in the opening index. However, this phenomenon was only observed for absolute closing returns in the latter sub-samples considered, hence illustrating the importance of time variation in the analysis.
Conclusion
The present analysis has examined the returns-volume relationship via an analysis of the FTSE100. (1996) . Rejection of the unit root null hypothesis at the 10%, 5% and 1% levels is denoted using , and respectively. 
